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Immediate system management interrupt source with associated reason register.

@ A power management unit is provided that
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receiving an SMI enable bit when the gener- |~ 104
ation of an immediate SMI is desired. When the cPU
enable bit is set, an SMI flag register causes the SMi I
assertion of an SMI signal. The power manage- s e L2
ment unit further includes a reason register that } '
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This invention relates to computer systems and
more particularly to system management interrupt
sources employed within computer systems.

Interrupt-driven computer systems provide a
mechanism that allows a hardware signal to force the
software to change its path of execution. The first
step a microprocessor takes to process an interrupt is
to save the program counter (usually on the stack, an
area of memory pointed to by the microprocessor’s
stack pointer that operates in a last-in-first-out fash-
ion). This allows the software to return to normal pro-
gram flow at the point at which it was interrupted by
loading the saved value from the stack into the micro-
processor’s pragram counter. Some microprocessors
automatically save other registers (such as the accu-
mulator or index pointer) in addition to the program
counter. The actual interrupt processing begins when
the microprocessor jumps to the interrupt service rou-
tine The interrupt service routine is a subset of soft-
ware code that services the interrupt.

If the microprocessor hardware cannot distin-
guish between various interrupt sources, then the in-
terrupts are called non-vectored. For non-vectored in-
terrupts, the interrupt service routine must test (poll)
each of the possible interrupt sources to determine
which device generated the interrupt. Afaster scheme
involves vectored interrupts, which allow an interrupt-
ing device to identify itself by driving an ID code on
the data bus during an interrupt acknowledge cycle at
the beginning of the interrupt processing. The micro-
processor then executes the indicated interrupt ser-
vice routine.

Microprocessors such as the particularly popular
models 80386 and 80486 microprocessors include an
input terminal (INT) for receiving an interrupt signal.
Computer systems that include multiple interrupting
devices frequently employ programmable interrupt
controllers that allow software prioritizing and mask-
ing of the various interrupt sources. Exemplary inter-
rupt sources include keyboards, printers, and real
time clocks.

Most microprocessors also employ a non-mask-
able interrupt (NMI) which cannot be disabled by soft-
ware. This interrupt is usually processed at the end of
the current instruction execution. It is typically used
for relatively high-priority error interrupts, such as an
abort signal or power-failure detection.

Yet another type at interrupt is a system manage-
ment interrupt (SMI). A system management interrupt
is typically treated with a higher priority than both
non-maskable interrupts and standard interrupts.
System management interrupts are used to initiate
and/or maintain various system management func-
tions, such as, for example, power management.

One problem associated with a typical computer
system is the latency associated with the generation
of SMI signals. For example, although power man-
agement units within typical computer systems allow
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the scheduling of SMI's via software, the SMI re-
sponse is not immediate and typically has a latency
of several microseconds or even milliseconds. In ad-
dition, the software that initiated the SMI is usually
treated independently of the SMI service routine.
Thus, the reason the SMI was initiated may not be
available to the SMI service routine, or somewhat
elaborate software techniques must be used to deter-
mine the reason the SMI was initiated. As a result,
system software may be restricted and the overall
performance of the computer system may be degrad-
ed.

The problems outlined above are in large part
solved by an immediate system management inter-
rupt source with associated reason register in accor-
dance with the present invention. In one embodiment,
a power management unit is provided that includes a
software writable enable register for receiving an SMI
enable bit when the generation of an immediate SMI
is desired. When the enable bit is set, an SMl flag reg-
ister causes the assertion of an SMl signal. The power
management unit further includes a reason register
that is also writable via software command. The rea-
son register is written prior to the setting of the enable
bit with a "reason value" indicative of the reason a
pending SMI is being requested. The immediate sys-
tem management Interrupt source allows initiating
software to indicate the reason it is requesting an
SMI, and causes an associated SMI to be asserted
with minimal latency. The immediate system manage-
ment interrupt source further allows the system man-
agement interrupt service routine to quickly deter-
mine the reason for the immediate SMI, thereby al-
lowing simplified and more efficient SMI service rou-
tines and further allowing greater flexibility in pro-
gramming. As a result, overall performance of the
computer system may be improved.

According to one aspect, the present invention
contemplates a computer system comprising a micro-
processor having a system management interrupt in-
put and an enable register coupled to the micropro-
cessor. The enable register is capable of storing an
enable bit written by the microprocessor. A predeter-
mined bit of a flag register is set in response to writing
the enable bit into the enable register, and a system
management interrupt signal is asserted at the sys-
tem management interrupt input of the microproces-
sor when the predetermined bit of the flag register is
set. A reason register is further provided coupled to
the microprocessor, wherein a reason value is capa-
ble of being written into the reason register, and
wherein the reason value is indicative of the reason
the system management interrupt signal is being as-
serted.

In another aspect, the present invention further
contemplates a method for generating and process-
ing a system management interrupt comprising the
steps of storing a reason value within a reason regis-
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ter, wherein the reason value is indicative of a pending
system management interrupt, loading an enable bit
within an enable register, and setting a bit of a flag
register in response to the enable bit. The method fur-
ther comprises the steps of asserting a system man-
agement interrupt in response to the setting of the bit
of the flag register, providing the system management
interrupt to a microprocessor, and reading the reason
value within the reason register. The method finally
comprises the step of servicing the system manage-
ment interrupt with dependence upon the reason val-
ue.

In another aspect, the present invention contem-
plates a method for generating and processing sys-
tem management interrupts within a computer sys-
tem comprising the steps of storing a reason value
within a reason register, wherein the reason value is
indicative of a reason a subsequent system manage-
ment interrupt is being asserted, loading an enable bit
within an enable register, and setting a bit of a flag
register in response to the enable bit. The method fur-
ther comprises the steps of asserting a first system
management interrupt in response to the setting of
the bit of the flag register, providing the system man-
agement interrupt to a microprocessor, and reading
the reason value within the reason register. The meth-
od finally comprises the step of servicing the system
management interrupt with dependence upon the
reason value.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention
will become apparent upon reading the following de-
tailed description of preferred embodiments of the in-
vention with reference to the accompanying drawings
in which:

Figure 1 is a block diagram of a computer system
including an immediate system management inter-
rupt source with an associated reason register ac-
cording to the present invention.

Figure 2 is a flow diagram that illustrates the
steps carried out by a system management interrupt
service routine in response to an asserted SMI signal
by the immediate system management interrupt
source of Figure 1.

Figure 3 is a block diagram of a computer system
including an immediate system management inter-
rupt source and a periodic system management inter-
rupt source according to the present invention.

While the invention is susceptible to various mod-
ifications and alternative forms, specific embodi-
ments thereof are shown by way of example in the
drawings and will herein be described in detail. It
should be understood, however, that the drawings
and detailed description thereto are not intended to
limit the invention to the particular form disclosed, but
on the contrary, the intention is to cover all modifica-
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tions, equivalents and alternatives falling within the
spiritand scope of the present invention as defined by
the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, Figure 1 is a block
diagram of a computer system 100 including an im-
mediate system management interrupt (SMI) source
102 according to the present invention. Computer
system 100 further includes a microprocessor (CPU)
104 coupled to immediate SMI source 102 via a bus
1086.

Microprocessor 104 is a data processing unit that
implements a predetermined instruction set and that
includes a system management interrupt input (SMI
IN) terminal. Microprocessor 104 is illustrative of, for
example, a model 80486 microprocessor.

Immediate SMI source 102 includes an enable
register 110, a reason register 112, and a flag register
114 coupled to a decode logic unit 116. Flag register
114 is coupled to the SMI input terminal of micropro-
cessor 104 through a NOR gate 118.

If the programmer of computer system 100 de-
sires that an SMI be generated at a particular point
within the execution code, the programmer first loads
a "reason value" indicative of the reason the SMI is
being requested into reason register 112. For exam-
ple, the programmer may define a reason value of
"2a" (hexadecimal) to indicate that a specific power
management function, such as updating an estimat-
ed value of a battery capacity, should be carried out
in response to the SMI. Since reason register 112 is
mapped within the I/O addressable space of comput-
er system 100, the reason value is written into reason
register 112 by the microprocessor 104 through the
execution of an I/O write cycle. When an appropriates
I/0 write cycle is executed, decode logic unit 116 de-
codes the addressing signal and responsively causes
the reason value to be latched into reason register
112.

Subsequently (or concurrently), the programmer
may set an enable bit within enable register 110. The
enable register 110 is also mapped within the I/O ad-
dressable space of computer system 100, and thus
the enable bit is set within enable register 110 by exe-
cuting an appropriate 1/0O write cycle on bus 106. In re-
sponse to such an I/O write cycle, decode logic unit
116 decodes the addressing signal on bus 106 and
generates a latching signal to latch the enable bit into
enable register 110. When the enable bit is stored
within enable register 110, a corresponding bit is set
within flag register 114. Accordingly, an input line 120
of NOR gate 118 is driven high, causing the SMI IN
terminal of microprocessor 104 to be driven low.

When the SMI IN terminal of microprocessor 104
is driven low, the microprocessor completes its cur-
rent instruction and jumps to a predetermined mem-
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ory location that contains the starting instruction of
the SMI source routine. Figure 2 is a flow diagram that
illustrates the steps carried out by the SMI service
routine. During step 202, the SMI service routine first
reads the status of flag register 114 to determine the
SMI source that initiated the interrupt. It is noted that
flag register 114 includes a tri-stated output port cou-
pled to bus 106 that allows the flag register status to
be read.

If the SMI signal was asserted in response to an
SMI source other than the immediate SMI source 102
as determined during step 204, the SMI service rou-
tine jumps to the code that services the particular
source. On the other hand, if the source of the inter-
rupt signal is determined to be the immediate SMI
source 102, the SMI service routine reads the status
of reason register 112. At this point, the reason value
stored within reason register 112 is provided to the
SMI service routine. Subsequently, the reason value
may be used to control the processing of the SMI. Af-
ter the system management interrupt has been ser-
viced, the enable register 110, the reason register
112, and the flag register 114 are cleared. This com-
pletes the SMI execution of the service routine

In accordance with the computer system 100 de-
picted in Figure 1, an immediate SMI source is provid-
ed that allows system software to initiate an SMI. The
generation of the SMI occurs within a few gate delays
following the write of an enable bit to the enable reg-
ister 110. Since the immediate SMI source includes a
reason register, software can indicate the reason for
the requested SMI prior to its generation, and the SMI
service routine can subsequently read the reason
register to determine the subsequent processing and
path of execution. Accordingly, the immediate SMI
source of Figure 1 allows simplified and more flexible
programming capability, and may improve overall
system performance.

Itis noted that for the embodiment of Figure 1, the
enable register 110 is a one bit register. The enable
register 110 and reason register 112 could alternative-
ly be implemented using a single register having a
predetermined bit dedicated as the enable bit. The re-
maining bits store data indicative of the reason for the
particular SMI.

In one embodiment, the reason register stores an
8-bit reason value that allows for up to 255 immediate
SMIl reason variations. It is noted that the reason reg-
ister value of 00(hex) may be used to indicate "no rea-
son". It is further noted that the 8-bit reason value
may be loaded into reason register 112 before or con-
currently with the setting of the enable bit within en-
able register 110.

Figure 3 illustrates a block diagram of a computer
system 100 including immediate SMI source 102 and
a periodic SMI source 300. The periodic SMI source
300 is provided to automatically generate an SMI at
a predetermined, programmable rate. An exemplary
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periodic SMI source 300 is described in the copend-
ing, commonly assigned patent application entitled
"Periodic System Management Interrupt Source and
Power Management System Employing the Same",
by Wisor, et al., US Serial No 08/190,597. This patent
application is incorporated herein by reference in its
entirety.

In the embodiment of Figure 3, the immediate
SMI source 102 and periodic SMI source 300 are in-
corporated within a power management unit of a com-
puter system to allow flexible and versatile use of sys-
tem management interrupts for power management
purposes.

It is noted that the immediate system manage-
ment interrupt source described above may be used
within a computer system that employs the circuits
and techniques described within the copending, com-
monly assigned US patent applications: "Power Man-
agement Message Bus for Integrated Processor", by
Gephardt, et al., Serial No. 08/190,280; "Power Man-
agement System for an Integrated Processor", by
O’'Brien, et al., Serial No. 08/190,292; and "Power
Management Unit Including Software Configurable
State Register and Time-Out Counters for Protecting
Against Misbehaved Software", by O’Brien, et al.,
Serial No. 08/190,279. The above copending, com-
monly assigned patent applications are incorporated
herein by reference in their entirety.

Numerous variations and modifications will be-
come apparent to those skilled in the art once the
above disclosure is fully appreciated. For example,
although bus 106 of Figure 1 is a CPU local bus, bus
106 could alternatively be coupled to microprocessor
104 via a secondary bus and a bus bridge. ltis intend-
ed that the following claims be interpreted to embrace
all such variations and modifications.

Claims

1. A computer system comprising:

a microprocessor including a system man-
agement interrupt input;

an enable register coupled to said micro-
processor, wherein said enable register is capa-
ble of storing an enable bit written by said micro-
processor;

a flag register coupled to said enable reg-
ister, wherein a predetermined bit of said flag reg-
ister is set in response to the writing of said en-
able bit into said enable register, and wherein a
system management interrupt signal is asserted
at said system management interrupt input of
said microprocessor when said predetermined bit
of said flag register is set; and

areason register coupled to said micropro-
cessor, wherein a reason value is capable of be-
ing written into said reason register, and wherein
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said reason value is indicative of the reason said
system management interrupt signal is being as-
serted.

The computer system as recited in Claim 1 fur-
ther comprising a decode logic unit coupled to
said enable register and said reason register for
decoding an address signal generated by said mi-
Croprocessor.

The computer system as recited in Claim 2
wherein said decode logic unit is capable of pro-
viding a latching signal to said reason register in
response to an I/O write cycle executed by said
microprocessor.

The computer system as recited in Claim 1
wherein said flag register further includes a plur-
ality of additional bits for setting SMI requests
from other SMI sources.

The computer system as recited in Claim 1 fur-
ther comprising a periodic system management
interrupt source coupled to said flag register.

The computer system as recited in Claim 5
wherein said periodic system management inter-
rupt source is programmable and asserts an SMI
request signal at a predetermined periodic rate.

Amethod for generating and processing a system
management interrupt comprising the steps of:

storing a reason value within a reason reg-
ister, wherein said reason value is indicative of a
pending system management interrupt;

loading an enable bit within an enable reg-
ister;

setting a bit of a flag register in response
to said enable bit;

asserting a system management interrupt
in response to the setting of said bit of said flag
register;

providing said system management inter-
rupt to a microprocessor;

reading said reason value within said rea-
son register; and servicing said system manage-
ment interrupt with dependence upon said rea-
son value.

The method for generating and processing a sys-
tem management interrupt as recited in Claim 7
wherein said steps of storing a reason value with-
in a reason register and loading an enable bit
within an enable register are performed simulta-
neously.

The method for generating and processing a sys-
tem management interrupt as recited in Claim 7
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10.

1.

12.

13.

14.

15.

16.

wherein said step of storing a reason value within
areason register is performed before said step of
loading and enable bit within an enable register.

The method for generating and processing a sys-
tem management interrupt as recited in Claim 7
comprising the further of reading a status of said
flag register to determined a source of said sys-
tem management interrupt.

The method for generating and processing a sys-
tem management interrupt as recited in Claim 10
wherein said step of reading said status of said
flag register is performed before said step of
reading said reason value stored within said rea-
son register.

A method for generating and processing system
management interrupts within a computer sys-
tem comprising the steps of:

storing a reason value within a reason reg-
ister, wherein said reason value is indicative of a
reason a subsequent system management inter-
rupt is being asserted;

loading an enable bit within an enable reg-
ister;

setting a bit of a flag register in response
to said enable bit;

asserting a first system management in-
terrupt in response to the setting of said bit of said
flag register;

providing said system management inter-
rupt to a microprocessor;

reading said reason value within said rea-
son register; and servicing said system manage-
ment interrupt with dependence upon said rea-
son value.

The method for generating and processing sys-
tem management interrupts as recited in Claim
12 comprising the further step of generating a
periodic system management interrupt at a pre-
determined rate.

The method for generating and processing sys-
tem management interrupts as recited in Claim
13 comprising the further step of providing said
periodic system management interrupt to said mi-
Croprocessor.

The method for generating and processing sys-
tem management interrupts as recited in Claim
13 wherein said periodic system management in-
terrupt is generated by a periodic system man-
agement interrupt source.

The method for generating and processing sys-
tem management interrupts as recited in Claim
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15 comprising the further step of programming
said periodic system management interrupt
source with a value that sets said predetermined
rate.

The method for generating and processing sys-
tem management interrupts as recited in Claim
13 comprising the further step of setting a second
bit of said flag register in response to an assertion
of said periodic system management interrupt.
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